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SULFHV DQG SRSXODWLRQ JURZWK 7KH QHFHVVLW\ RI FUHDWLQJ HQRXJK SDUNLQJ VSDFHV IRU WHQDQWV OHDGV WR LQFUHDVHG
SRSXODULW\RIXQGHUJURXQGSDUNLQJORWV7KLVNLQGRISDUNLQJFRXOGEHKDUPIXOIRUSHRSOHXVLQJLWLIWKHYHQWLODWLRQ
V\VWHP LV QRW VXIILFLHQW )DQV ZRUNLQJ GXULQJ D QRUPDO JDUDJH XVDJH VKRXOG SURWHFW XVHUV IURP DLU SROOXWLRQ
JHQHUDWHGE\WKHFDUHQJLQHV¶FRPEXVWLRQSURFHVVDVLWFDXVHVVLJQLILFDQWKHDOWKLVVXHVDQGFDQEHGHDGO\,Q3RODQG







6RPH VWXGLHV KDYH EHHQ FDUULHG RXW DURXQG WKH JOREH WR XQGHUVWDQG WKH LPSDFW RQ KXPDQ KHDOWK RI &2
FRQFHQWUDWLRQLQJDUDJHV7KH%DWWHUPDQHWDO>@VWXGLHVVKRZHGWKDWUHVLGHQWLDOJDUDJHVKDYHKLJKFRQFHQWUDWLRQV
RIJDVROLQHYDSRXUVGXHWRWKHVWRUDJHRIJDVROLQHSRZHUHGYHKLFOHV7KHDXWKRUVSDLGDWWHQWLRQWRWKHSRVVLELOLW\RI
QXPHURXV VRXUFHVRISROOXWLRQPLJUDWLQJ IURP WKHJDUDJH LQWR OLYLQJ VSDFHV6LPLODUSUREOHPVZHUHGLVFXVVHGE\
1LUYDQ HW DO >@ 7KH UHVXOWV RI VWXGLHV RI WZR EXLOGLQJV VKRZHG D KLJK FRQFHQWUDWLRQ RI LQGRRU SROOXWDQWV IRU
W\SLFDO OHDN\JDUDJHKRXVH LQWHUIDFH$XWKRUV¶ FDOFXODWLRQV LQGLFDWHGDGHVLJQRIPHFKDQLFDO H[KDXVW V\VWHPVFDQ










>@ LW LV SSPSHU KRXUV DQGSSPSHU PLQ7KHQHFHVVDU\ DLU VWUHDP IRU WKHPHFKDQLFDO YHQWLODWLRQ
V\VWHPFRQWUROOHGYDULDEOHGHSHQGHQWRQWKH&2FRQFHQWUDWLRQFDQEHFDOFXODWHGZLWKWKHIRUPXOD>@
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&RXQWU\ 7LPH>K@ &2FRQFHQWUDWLRQ>SSP@ 9HQWLODWLRQ
86$$6+5$(   >OVP@ 
)LQODQG   >OVP@ 
)UDQFH   >OVFDU@
1HWKHUODQGV   
8.   >K@ 
3RODQG   >K@ 
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
7KHVXSSO\DLUVWUHDPVKRXOGEHFDOFXODWHGDIWHU WDNLQJLQWRDFFRXQW WKHHIIHFWLYHQHVVRI WKHYHQWLODWLRQV\VWHP
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)LJ7HVWHGPXOWLJDUDJH









































ZHHNDQG WKHPHDVXUHPHQWVRI WHPSHUDWXUH DQGKXPLGLW\ZHUHGRQH7KHPHDVXULQJHTXLSPHQWZDV ORFDWHG DW D
KHLJKWRIPLQWKHFHQWUDOSDUWRIWKHJDUDJHEHFDXVHLWLVDQDYHUDJHKHLJKWRIFKLOGUHQH[SRVXUHWRKD]DUGRXV





3DUDPHWHUGD\ 8QLW       
7HPSHUDWXUH &       
+XPLGLW\        
$WPRVSKHULFSUHVVXUH 3D       
&2FRQFHQWUDWLRQ SSP       

7KHPHDVXUHPHQWVZHUHFRQGXFWHGZLWKWKHXVHRID7HVWRPHDVXULQJLQVWUXPHQWZLWKDQ,$4SUREHDQG
&2 SUREH 7KHLU SUHFLVLRQ ZDV DV IROORZV WHPSHUDWXUH LQ WKH UDQJH EHWZHHQ  DQG &  & UHODWLYH
KXPLGLW\LQWKHUDQJHEHWZHHQDQG5+5+FDUERQGLR[LGHFRQFHQWUDWLRQLQWKHUDQJHEHWZHHQ





















































































FDUERQGLR[LGH LV LQGHSHQGHQWRI WKH WHPSHUDWXUH )LJ F DQGKXPLGLW\ )LJ G ,W VKRXOGEHXQGHUOLQHG WKDW WKH
UHFRUGHG&2FRQFHQWUDWLRQGHSHQGVRQYHKLFOHVRSHUDWLRQ'XHWRWKHVDPHFDUERQPRQR[LGHDQGFDUERQGLR[LGHUDWH
SHU YROXPH  E\ YROXPH IRU VSDUN HQJLQHV H[KDXVW JDVHV WKH GLDJUDPV KDYH YHU\ VLPLODUPLOHDJH$IWHU WKH
UHGXFWLRQE\WKHDPRXQWRIWKHFRQFHQWUDWLRQRIFDUERQGLR[LGHLQWKHDPELHQWDLUWKHORZHVWYDOXHWKDWZDVUHFRUGHG


























































































































,Q WKH VXPPHUWLPHHDFKRI WKH DLUSDUDPHWHUV LVPRUHRU OHVV DSSURSULDWH LQ LQGRRU FOLPDWH=KRQJHW DO >@
SUHVHQWV WKH FRUUHODWLRQ EHWZHHQ WKH LQGRRU &2 FRQFHQWUDWLRQ OHYHOV DQG WKH RXWGRRU FRQFHQWUDWLRQV IRU WKH WZR
URRPVDQGWKHVLPSOLILHGSUHGLFWLQJPRGHORI&2FRQFHQWUDWLRQV7KHDXWKRUVVKRZHGWKDWLWFRXOGEHXVHGIRUWKH
HVWLPDWLRQRI WKH LQGRRU&2FRQFHQWUDWLRQVRIQDWXUDOYHQWLODWLRQ URRPV LQ VXPPHU EXW WKH UHODWLRQVKLSEHWZHHQ
LQGRRUDQGRXWGRRUSROOXWDQWFRQFHQWUDWLRQVZDVDIIHFWHGE\PDQ\IDFWRUVOLNHVHDVRQZHDWKHUWUDIILFGHQVLW\DQG
SROOXWDQW HPLVVLRQ UDWH HWF ,Q WKLV VWXG\ FRQVHTXHQWO\ IRFXVHV RQ ,$4 LQ JDUDJHV DQG LQ RUGHU WR KDYH DFFXUDWH
PHDVXUHPHQW LQIRUPDWLRQ VXFK DV WHPSHUDWXUH KXPLGLW\ DWPRVSKHULF SUHVVXUH RU &2 FRQFHQWUDWLRQ RXWVLGH WKH





















GHVLJQV DQGSURSHUYHQWLODWLRQ V\VWHPGHVLJQPD\SRWHQWLDOO\ FXW KDOI WKH IDQ HQHUJ\XVH LQ FRPSDULVRQZLWK WKH
FRQYHQWLRQDOVXSSO\H[KDXVWYHQWLODWLRQ>@
,WZDVDOVRFRQFOXGHGWKDWWKHUHLVDQHFHVVLW\IRUVXFKVWXGLHVIRUGLIIHUHQWW\SHVRIXQGHUJURXQGJDUDJHVXQGHU
ODUJH VKRSSLQJ FHQWHUV UHVLGHQWLDO EXLOGLQJV RIILFHV DQG HQFORVHG JDUDJHV LQ VLQJOH IDPLO\ KRXVHV ZKHUH WKH
JDUDJHVDUHRIWHQORFDWHGQH[WWRWKHERLOHUURRPVHPLWWLQJSROOXWDQWVWKHVDPHDVJDUDJHVVXFKDV&2DQG&2
$FNQRZOHGJHPHQWV




>@ *áDG\V]HZVND)LHGRUXN . &RQFHQWUDWLRQV RI FDUERQ GLR[LGH LQ WKH FDELQ RI D VPDOO SDVVHQJHU FDU 7UDQVSRUW 5HV 3DUW ' 7UDQVSRUW
(QYLURQ±
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>@ *DMHZVNL$6LHUJLHMXN-6]XOERUVNL.&DUERQGLR[LGHHPLVVLRQZKLOHKHDWLQJLQVHOHFWHG(XURSHDQFRXQWULHV(QHUJ\%XLOG±
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>@ *áDG\V]HZVND)LHGRUXN..UDZF]\N'$7KHSRVVLELOLWLHVRIHQHUJ\FRQVXPSWLRQ UHGXFWLRQDQGDPDLQWHQDQFHRI LQGRRUDLUTXDOLW\ LQ
GRFWRU
VRIILFHVORFDWHGLQQRUWKHDVWHUQ3RODQG(QHUJ\%XLOG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(QYLURQ±
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±



















>@.DPHQGHUH ( =RJOD * .DPHQGHUV $ ,NDXQLHNV - 5RFKDV & $QDO\VLV RI 0HFKDQLFDO 9HQWLODWLRQ 6\VWHP ZLWK +HDW 5HFRYHU\ LQ
5HQRYDWHG$SDUWPHQW%XLOGLQJV(QHUJ\3URFHGLD±

